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(57)Abstract: 

PURPOSE: To provide a tape automated bonding(TAB) 
method that an LSI chip electrode is connected to the lead 
of a film carrier, wherein bonding bumps formed on an 
electrodes or leads are made of solder so as to be lessened 
in forming cost and kept high in bonding reliability and to 
enhance a bonding process in yield taking advantage of the 
properties of solder. 

CONSTITUTION: Solder bumps are formed on the required 
spots of TAB leads or chip electrodes 27, and a copper 
oxide film 25 or a solder resist film is formed surrounding 
the solder bumps 24 so as not only to control the lead or 
the electrode in solder wettability but also to protect a 
copper foil pattern against corrosion. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] It is the tape automated bonding approach of the solder bump use which forms the copper- 
acid-ized film or the solder resist film in the circumference region which formed the bump for junction 
in each electrode of each lead edge of a tape carrier package, or an integrated circuit device with solder, 
and left only this bump to it, and is characterize by for range other than a joint to make solder leakage 
nature regulate, to carry out fused junction of this solder bump, and to carry out package junction of the 
lead with the above-mentioned electrode. 



[Translation done.] 
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* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention forms a bump predetermined with solder in the electrode of a 
chip, and the lead edge by the side of a film on the occasion of this junction with respect to the tape 
automated bonding (TAB) which carries out direct bonding of the chip of a super-high density 
integrated circuit device (LSI) to a long picture-like resin film, and parts other than a bump's front face 
make solder leakage nature regulate, and are related with the tape automated bonding approach of the 
solder bump use which joins both by this solder bump's melting. 
[0002] 

[Description of the Prior Art] Although LSI is used abundantly for the miniaturization of various 
electronic equipment, TAB attracts attention these days from the mounting technology which carries this 
LSI in the circuit board. It is the junction approach very effective in LSI of the super-** pin by which 
neither cost quantity nor a yield fall is avoided by the approach of TAB forming a lead and a circuit 
pattern by copper foil on a photographic film and the long resin film of isomorphism voice, being the 
method which joins the chip of LSI there through a bump, and bundling up irrespective of the number of 
electrodes of a chip, and junction being possible and carrying out wire bonding of the lead to each 
electrode by the conventional gold streak separately like common knowledge. 
[0003] the resin film used by Above TAB -- polyimide and glass fiber close epoxy - or It is fabricated 
by 75-125 micrometers in thickness with resin, such as polyester, with a width of face of 35-70mm in 
the shape of a long film. And it is the tape carrier package by which the lead predetermined with rolling 
copper, electrolytic copper, etc. and the circuit pattern were formed in the front face by 1 8-35 
micrometers in thickness. Moreover, since have formed the bump of the detailed letter of a projection in 
this lead edge beforehand of solid gold etc., junction to the electrode of an LSI chip is faced, this bump 
is pressurized and heated and both are joined, a bump is very important for TAB. 
[0004] Hereafter, it explains, referring to drawing 1 and drawing 2 about the conventional bump. In this 
drawing, many predetermined electrodes 2 are formed in the top face of the chip 1 of LSI, and the 
protective coat (passivation) 3 for protecting an electrode 2 to the each is formed, and laminating 
formation of the multilevel-metal film (barrier metal) 4 is carried out in the front face of this electrode 2, 
and the bumps 5, such as pure gold, are further deposited by electrolytic plating in the upper part. 
[0005] A bump's 5 configurations differ like the formation fault, and in the case of drawing 1 , it is 
called a mushroom bump, and on the occasion of a bump's 5 formation, using the thin thing which is 1-2 
micrometers, the thickness of the photoresist film carries out electrolytic plating processing, and carries 
out deposit formation. The example of drawing 2 is a gestalt made when it is called a straight Wall 
bump and thickness carries out electrolytic plating processing on the occasion of a bump's 5 formation 
using the thick photoresist film which is 10-50 micrometers. 

[0006] Although the heating press of the lead section 7 of a tape carrier package 6 is carried out from a 
bump 5 on the occasion of junction as shown in drawing 3 The common bump 5 currently 
conventionally carried out as described above is formed of solid gold (Au). The outside surface of the 
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lead section 7 of another sid^Surface treatment has been carried out with Au or tin (Sn), and, in the case 
of the combination of Au, it becomes the thermocompression bonding of Au-Au, and, in the case of the 
combination of Au and Sn, becomes Au-Sn eutectic association. 

[0007] Although a barrier metal 4 is made to put on an electrode 2 first when forming the above- 
mentioned bump 5 There is a possibility of damaging gate oxide, the silicon base, etc. where remarkable 
stress acts on the wafer of LSI chip 1, and is thin for advanced integration at this time. Moreover, since 
the process when forming a bump 5 has the resist removal process for a photolithography process - 
plating process - plating the photolithography process for barrier metal etching - a resist removal process 
for photolithographies, and many processes, The period after the chip wafer of LSI is completed until a 
TAB package is completed became long, and there was a problem in respect of productivity. 
[0008] The imprint bump method is offered as a well-known example of these problem-solving means. 
The mask section 1 1 for plating in which opening corresponding to the top face of the heat-resisting 
glass plate 10 was formed with the chip electrode as this showed drawing 4 , The conductive layer 
material 12 which serves as a track in the case of electrolytic plating is constituted. After depositing 
BAMBU 13 by electrolytic plating here, are what considered alignment as the lead of a tape carrier 
package, heated - pressurized, and imprinted the bump 13 to this lead side, and mounting is faced. 
Although a bump formation process is complicated a little as compared with the bump (wafer bump) 
method used conventionally is the method joined to the chip electrode of LSI like the above, and 
explained this imprint bump 13 to the beginning A barrier metal is unnecessary and there is a lost 
advantage. 
[0009] 

[Problem(s) to be Solved by the Invention] When joining an electrode to a lead through the bump 
formed like ****, a bonding tool must specifically be used. That is, the silicon base located under the 
electrode of an LSI chip if pressurization and heating become an ununiformity in this process, although 
junction according to Au-Su eutectic association or Au-Au thermocompression bonding as it described 
above, when the bonding tool beforehand heated by predetermined temperature from after that a tape 
carrier package leads was made to pressurize homogeneity by the fixed pressure is performed will be 
made to generate a crack. Therefore, advanced homogeneity is required of the above-mentioned bump's 
height dimension, for example, the homogeneity of the bump of an LSI chip electrode has desirable 
**0.5 micrometers or less. 

[0010] Since the dependability of junction improves so that the degree of hardness of a bump's quality of 
the material is important at the time of the pressurization at the time of bonding and the bump's herself 
degree of hardness is inevitably soft, moreover, at the time of bump formation It is necessary to control a 
deposit crystal, lessening electrolytic plating current density and spending many hours. For example, 
with Vickers hardness, when a tip side electrode is aluminum NIUMU (aluminum), since the bump of 
the low degree of hardness of 40-60Hv is desirable to prevention of said crack The bump deposit 
conditions according to the minute parcel plating of pure gold in order to fill these demands are usually 
1 A/dm2. Although about 15-20 micrometers is heaped up with the following current density, on this 
condition, there is a problem that forming a predetermined bump takes time amount too much, as a 
means to, shorten this deposit time amount, of course — current density - 200 - 400 A/dm2 up to — if it 
pulls up, short-time processing is possible - but - the pole of plating conditions - from [ that plating 
thickness and a configuration are affected also for slight fluctuation ] - actual - a low current 
consistency ~ time amount - not applying - it did not obtain and production cost quantity was not 
avoided. 

[001 1] Even if the purpose of this invention makes a bump's geometry precision comparatively coarse, 
while it makes a manufacturing cost cheap by forming for a short time, junction precision is in offer of 
the tape automated bonding approach of the solder bump use whose maintenance is enabled than the 
conventional thing and an EQC. 
[0012] 

[Means for Solving the Problem] As a bump's material, conventionally, using the solder said to be 
unusable, the solder bump for the junction to each lead of TAB with an LSI chip is formed, and a copper 
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oxide film or the copper solder resist film is formed in the above-mentioned solder bump s perimeter in 
this invention for a limit of this solder bump's solder leakage nature, and corrosion prevention of a 
copper foil pattern. 

[0° 13 ] . _ . . 

[Function] In this invention, since the bump is formed with solder, as compared with pure gold, it 

becomes a sharply low degree of hardness. Since the leakage nature at the time of solder melting is also 
regulated when it can join on pressurization / heating conditions lower than before, and junction 
dependability also becomes high at a chip mounting process and there is no concern which does damage 
also to the silicon base While preventing the leakage breadth of solder, when bonding which controlled 
the amount of solder can be performed, allowances are acquired by a bump's dimensional accuracy, and 
compaction of the raising processing time can promote sharply the current density at the time of a bump 
deposit. 
[0014] 

[Example] The example of this invention is explained below, referring to each drawing below drawing 

[0015] First, after applying the photoresist 22 for making the mask for solder plating to the edge of each 
lead 2 1 of a tape carrier package, the opening 23 for bump formation is drilled there at a 
photolithography process (refer to drawing 5 ). Subsequently, if the above-mentioned photoresist 22 is 
removed after carrying out deposit formation of the solder bump 24 at this opening 23, and it is 
immersed in benzotriazole (Benzo-Tri-Azol) liquid at degree (refer to drawing 6 ) process with a minute 
partial electrolytic plating means, the copper (Cu) of the lead 21 section will oxidize alternatively, and as 
shown in drawing 7 , the oxide film 25 of very thin copper will be formed in the front face of lead 21 . 
[0016] On the other hand, although aluminum NIUMU (aluminum) was made to vapor-deposit 
conventionally on the occasion of the processing by the side of the electrode 27 of the chip 26 of LSI In 
order to raise junction nature with the solder bump 24, make the top face of this electrode 27 vapor- 
deposit tin (Sn) with strong compatibility with solder, and the alloy layer 28 of aluminum and Sn is 
made to form, and the maximum upper layer of an electrode 27 is used as the Sn film 29, and forms a 
protective coat (passivation) 30 at last. 

[0017] If lead 21 is heated at 240-300 degrees C when **(ing) and joining LSI chip 26 to lead 21 
through the solder bump 24, the solder bump 24 will fuse. Here, on the property, the metal fused as 
everyone knows deforms into a solid sphere in order to make surface area min (wet back). 
[001 8] The spherical volume V at this time will serve as a degree type, if that radius is set to r. 
[0019] 

V=4/3-pir3 (1) jl 

If the specific gravity of solder is now set to rho, the solder bump's 24 weight W will be obtained by the 

degree type. 
[0020] 

W=4/3, pir3, and rho (2) 

On the other hand, when thickness of S and the formed solder bump is set to h for the opemng area of 
the opening 23 of the resist film for solder bumps in drawing 5 , the solder bump's 24 weight W formed 
of plating can be expressed also with the form of a degree type. 
[0021] 

W=Shrho (3) 

Since the above-mentioned (2) formula and (3) types are equal here, the radius r of the solder which is 

obtained from both formulas and which carried out the wet back is as follows. 

[0022] 

r=(3Sh/4pi) 1/3 (4) 

Therefore, a solder bump's thickness (height) H which carried out the wet back becomes a diameter of 

sphere. 

H=2r ...... (5) 

That is, on the occasion of junction to an LSI chip, only its 1/cube of height h of the solder bump 24 
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shown in drawing 6 will not oe effective. 

[0023] This is the same as the precision of the solder bump's 24 height dimension in drawing 6 having 
been eased sharply, when forming the solder bump 24 of the condition of drawing 6 , since it does not 
have to carry out control highly precise in an electrolytic plating processing phase, enlarges current 
density and becomes possible [ carrying out short-time processing ]. Consequently, in the case of 
junction, even if variation arises in a thickness dimension among each bumps of metaphor a large 
number, since only a l-/cube is uninfluential, it does not become letter of practical use all ******. 
[0024] On the other hand, the solder bump's 24 degree of hardness is a far low value (it is 8-15Hy at 
Vickers hardness) as compared with the degree of hardness of the bump of pure gold, and at the time of 
solder melting, since it is a still lower degree of hardness, it becomes that there is no accident, such as 
said crack initiation by the pressurization at the time of junction. 

[0025] Moreover, in the example of this invention, although the problem by having used solder was 
concern in which solder spreads along the front face of lead 21 at the time of melting, since the oxide 
film 25 which regulates solder leakage nature was formed in the front face of lead 21, the solder 24 
which carried out the wet back has held the globular form (refer to drawing 9 ). On the other hand, as 
shown in drawing 10 , the film 29 of solder and tin with high compatibility (Sn) is exposed to the 
electrode surface of LSI chip 26, and since the perimeter has regulated the leakage breadth of the solder 
****(ed) and fused by passivation 30, it can control the amount of solder needed truly on the occasion 
of junction. 

[0026] Next, other examples which regulate solder leakage nature are explained based on drawing 1 1 . 
[0027] instead of forming the metal oxide film which regulates solder leakage nature by said TAB 
processing carried out, this should process nickel (nickel) plating beforehand all over lead 21, on it, as 
drawing 5 showed, apply a photoresist, and subsequently pass a photolithography process - a 
photoresist is removed after forming the solder bump 24 by plating processing. Thereby, the nickel 
deposit 31 is formed in the front face of lead 21, and the solder bump 24 deposits by solder plating on it. 

[0028] Since it will be exposed of the nickel deposit 31 on a direct front face if a photoresist is removed, 
the oxide film 32 of nickel is formed and this oxide film 32 regulates the leakage nature of solder. While 
raising the rigidity of nickel, and the rigidity of a lead of anticorrosion-proof nature to a tape carrier 
package, although the operation effectiveness which anticorrosion nature can also give is acquired, since 
the copper foil of a lead is formed thinly, the rigid improvement by the above-mentioned nickel plating 
is very effective [ ** ] in the case of the tape carrier package for LSI especially with extremely many 
pins. 

[0029] A solder resist is made to apply and harden instead of a photoresist 22 as other examples, and the 
effectiveness same also as a solder plating resist is acquired in it. 

[0030] In this case, since the solder resist 41 is formed in the front face of lead 21 and deposit formation 
is carried out by the processing as the above that the solder bump 24 is also the same as shown in 
drawing 12 , this solder resist 41 has prevented the corrosion of the copper which is the ingredient of 
lead 21. 

[0031] Although each above example applies the lead of a tape carrier package, and the electrode of an 
LSI chip to the process (it is called inner lead bonding.) joined through a bump, it can form a bump by 
the same approach as said inner lead also about the solder bump of an outer lead for an LSI chip to 
connect with an electronic circuitry TAB by which bonding was carried out. In this case, what is 
necessary is just to make small, in addition melting temperature higher than the solder bump of another 
side for silver (Ag) at one solder bump, since the heat history is received twice [ of the bonding of an 
LSI chip, and mounting to the circuit board of an outer lead ] and it is necessary to distinguish between 
the melting temperature of the solder bump of an inner lead, and the melting temperature of the solder 
bump of an outer lead. That is, other processes are the same as it of said example, and can be managed 
only with making the presentation of the plating liquid for solder bump formation of an inner lead, and 
the plating liquid for solder bump formation of an outer lead into a different thing. 
[0032] 
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«• 
3 which according to this invention forms bumps, such as an electrode of 
an LSI chip, and a lead edge of a tape carrier package, and is joined through it as explained above, a 
bump is formed with solder. A limit of this solder bump's solder leakage nature, Since a bump's 
periphery is covered with a copper oxide film or the copper solder resist film for corrosion prevention of 
a copper foil pattern Since the variation in a bump's thickness (height dimension) can be absorbed, and 
the effect of [ at the time of junction ] can be controlled and a bump's degree of hardness was sharply 
made low as compared with conventional it That a possibility of making the base of a chip etc. 
generating a crack in the case of junction disappeared, since it is further joined by melting of solder, the 
dependability of junction having improved remarkably and a junction process became easy, and the 
production yield improved - bump formation cost is cheap further again -- etc. -- it has many higher 
efficacy. 



[Translation done.] 
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* NOTICES * " 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The explanation sectional view showing the conventional bump 

[Drawing 2] The explanation sectional view showing the conventional bump's other examples 

[Drawing 3] The explanation sectional view showing junction by the conventional bump 

[Drawing 4] The explanation sectional view showing a well-known imprint bump 

[Drawin g 5] The explanation perspective view showing the condition of having formed the bump 

location in the process which forms a solder bump in the example of this invention 

[Drawing 6] The explanation perspective view showing the condition of having deposited the solder 

bump 

[Drawing 7] The explanation sectional view showing the condition of having formed the oxide film 
[Drawing 8] The explanation perspective view showing the condition of having formed the solder bump 
of this invention in the LSI chip 

[Drawing 9] The explanation perspective view showing the condition that the solder bump fused 
[Drawing 10] The explanation perspective view showing the condition of having joined the lead to the 
electrode through the solder bump 

[Drawing 11] The explanation perspective view showing a nickel oxide-film formation condition in a 
lead 

[Drawing 12] The explanation perspective view showing the condition of having formed the leakage 
nature specification part by the solder resist in the lead 



[Translation done.] 



http://ww4.ipdlncipi.go.jp/cgi-bin/tran_web_cgi__ejje 



3/21/2005 



(19)B*BfcaW (JP) (12) & H !jf & ^ (A) (ll)tttttt«&PI#* 

&SI¥6- 338535 

(43)&BBB ¥l«6^(1994)12J!6B 

(5i)inta 8 kme? ff«sa#^ fi m&k^m 

H 0 1 L 21/60 3 1 1 R 6918-4M 



*H« »#E©&1 OL (i6I) 



(21)ffi®#*t 


&K¥3-309464 


mwmx 


591262713 










(22)fflSB 


¥^3¥(199D11^25B 




#^/lim«STef KWRBT 1 -61 -23 






(72mm 


»* m± 








m<m]mmi*&mm 1-61-23 * 














(74)ft31A 





(54) [miasm ^mny-mmny—y ■ m-c h • sp^w >^#& 



(57) [g*?>] 

[B«] LSI ?y^fiSt7-f yVh^^r U TOU — 
if (TAB) *SCfc»HT. S8IX«'J-HfC^-r-5 

£I8©#« 0 |6l±^T#-5 J; 5 IC L/TWS. 
[«Jj£] ±82TAB<D'J-H2 lX«^<>^mffi2 7 

HlttMH/TV**. 




26 



-211- 




(2) 



tt£88J-e-Lj&, £©¥fflA>7*£i8K8teL-T±§Ee 
¥BBA>7*#Jffl©T— 7*« *-h^-f 7-v H • 

[000 1] 

[&£±©*|J8#»] *§8Wtt. Hifcgf&JMgislBsfi^ 
(LSI) Ofy^S, SK^roSJUg^w^AtSS^ 

^ (TAB) KftfeO. ilOft^KiSUTf^rADeffi 
^lof-^ • M-f r-y F • #>x-< >^frft 

cuts, a? 

[0002] 

[£*©&«] #a«T«S©/J^fl;©&a&tLS i*t 

*fflsnxv>*«t, j:©ls i S0»s«c««r-5SI 

SSffi^TAB*t^aBSnTVi-5. ffi£l©*D<TA 
Btt. «7Y*AfcW»^«Kaffl^Jk&.fclC, 
»ircy-F*E»A*->£Jg(£U A>7*£;frL-T 

& (c<k 5 t u - F £fi 9 -f ^— # >5rw >^ 

[0 0 0 3] ±iBTAB"CfflV»6na«flB7w;l/Att, 

;Wf©«fl6K«k0ffS7 5~1 2 5 tfmT4i3 5~7 0 
mm(DgR7^Mttl:^I5n. a.^-e©*Mtffjg 
iB. «*««T9f€©U-H'iMlIISA^->*WS 1 8 
~3 5 um-<!Bi&2nrz7<{ )V&*vV7-C$>r), XC 

© u - m\zm4£&-?fmtemm#<D/-<>'7$ : ¥sbMi8. 

L S I ?v7<DHi®t<D®&\Z&L, &n> 
7*£ilIJEE' M&LT^£jg-a-f-5©T, TABlCt-3 40 

[0 0 0 4] £TF, t¥*©A*>^lC^^THlRCXB2 

©£•4 Cftffi 2 S«8-r-5fc»©«8K (A >"<*--> a 

;* v*T$8&^©A>7"5 £#fWl-T<&S. 
[0 0 0 5] A>7 , 5©#(m-t©JBj£i8@fcJ:0ft£ 
0. El©*£tt. Vy^ a ;p-AA>:/\»:P¥fcfn. A 50 




1$B8¥6-338 535 

>75©ja*lClRU 7* F W^X N8©J?*rtn ~ 2 
/zm©»V»b©^fflUTm»/5/*i>a31Srb«rW^fiE 
L-&t>©T»*. 02©W«XFW-F'7sj~ )W^>^ 
tP?tfn*'fe©-C. A>7"5©Jgj£(ClSL-T. ff**tl 
0 ~ 5 0 #m©JP^7* h Uv>X HBfcffiffl XsTOM* 

[0 0 0 6] S^KIRUTtt. H3^r±5lC7Y)V 
A** 'J 7 6 ©>J- F«7 £A>7* 5 ©±*>6iD««fE 

8WfcA>7'5«M& (Au) "CJWfcSn. ffi2r©'J- 
FfiS7©*SB«. AuXltS (Sn) TSEffiSSL 
TfcD. Au(Da*&fcttOf&liAu • AuOSffif 
tfcD, A u t S n ©ffl*^t)tO«§IJA u - S 

[0 0 0 7] JiG/t>:/5**j£-r««dKtt, 5fcTA 

*6*«»LSI?y^l©9iA-fcff«LT> KKSK 

ft©fc*»< ^oTv»-5y- fkash^v- u 3 >^-t, 
sssfc-rssttaja&B. xA>7*5£»riw*is©7' 

bovifyy* is~7 * f u y 9 yy<tm wjt. fb 

*Xet#»©Xg*tJb^fcfe, LS IOfsr^xA 
-J**SS«L-Ttf>6. TAB/^y4r-i?«^c-r*Jg©M 

H»«<fcD. *att©^Tras*t*ofc. 

[0 0 0 8] zmsroBWIBfc^RO&ttfliLTtt. 

fE?A*>7**s*»aft$nr^<5. cn«H4ic^-ra 

<, ».*&#5X«1 0©±ffifc, ^y7*««ijt*j6TS 

*nmzmn&ttsizmmmtti 2 sai^u*: *>©•?* 
7^;PA+vU7©u-HtfiB^to-a-*u ins» 

~JnffiUTK , J-Hfflt/^>7*l 3*e^Ufct>©T» 
UglClBLTtt. »<E^n>7'l 3SLS I©?«y7« 

Lfcft3fcfijja£n-a>aA*>7* c>iA-/t>7^ ^a; 

[0009] 

[sw^^Li^fr^sa] ±i£©a<^sn& 

5. 7-f^A*-vUT©'J-H©±*>6, ^fe^aa 

i:inSisn&i}?>5 ; ^ >9y-)V*-%.<r>m.ii-?£i-\z 

SDBE^*St, gi)IBLfcJ:3tCAu-Su«aiS'&X 
B, Au • Au!»E«K«fc5S^*tfTt>nS©-C*5 

c©i§g-ejDE, ai»«cF^-t»*iLS i^y 

7©^ffi©T fcfifi-r •& -> U 3 Jc ^ ? v V 

*3-B-TbS5. Sot. ±ISA>7*©i*3*«k:*ffi 



-212- 




3 

OJ^Httt. ±0. 5MmJKT*»S*LVs. 

S*t7;W5rn,A (Al) ©«£. i»I5*5y*©K;ih 
»C«tfry*-X8!ffiT4 0~6 0 H v©ffi^«a?©A> 

«*as#x ■y*\z&z>rt>-?mms t m*. ii« 1 A/d 

m» KT©«85E3&&-C 1 5 ~ 2 0 w mSIi 0 ± 

UtttMfftfc 2. 0 0~4 0 0A/dm ! 

8Sfli*^a!B!iT <b * v *m*> mvt \z&w&m * z. t *> 
[ooii] *55^©bw«. rt>7<DmvtTtmtfim& 

[00 12] 

5fc©T?*-DT, TAB©#U-K(CLS Ify^tO 
SnttottlSt. ffl$BA*->©jBfflRih©ft©l::. ffi 

[0013] 

ig-ettft*j; Officios . jDSis*#r^j5«ifgr* 
as^^sBmvji, *Ba^at^©jinttfc^$!ib 

TV^fflT. ¥ffl©Stt£a<0£B&ifc-f-5£#K:. #H 

aaast e»ru A->^«rffi^©ess£ffia[*^ 

[00 1 4] 

[&SS09] «Ttc*^©H!g0i|tc^)V»T, 0 5OT© 

[0 0 15]$fc1\ 7w>;k£^iJ7©£'J-F2 1© 

SSgJic. ¥ffl^y+ffl©v^i7^sfc«>©7* hl>z? 
* h 2 2 £&frLifc«. -?-::lCA->^fSffl©paP852 



1 1$H¥6-3 3 8 53 5 

4 

¥BBA>7*2 4 Sr«fm»fiei/feft. ±E7* h l^X h 
2 2 £K**U (H 6 #BB) ^IST^>7 • H 'J • 7 
V-)V (Benzo-Trl • A z o 1 ) fcfcSgrf a 
t. 'J-H2 1«©^ (Cu) ©**tS«»ICSfll$ 
n, m 7 izmti: o \z >J - H 2 l ©*fflfc*a&T»^« 

[0 0 16] LS I©^^y2 6©«ffi2 7ffl© 

fflfflfclSUT, tt*l*7*3-=»& (Al) ©*££3f 
S*Tl>it*«, *BB/t>^2 4t©ffi-&i4>&ill«)5fc 
¥ffli:©«Wtt*t»tr>8 (Sn) feK««2 7©± 
Bnc££*-e. AltSn«)^l2 8£iJitU. 
1^)112 7©i±IttS nK2 9 tLTSO, **£ 

(A->^— > 3 » 3 0 *&&t%. 
[0 0 17] MLT. ¥BA>:/2 4£:frbTLS I 5 1 
v72 6*U-K2 lCtttTSM, 'J-F2 1S2 

4 0~3 0 O'CCDPSft-rSt. ¥EA>7*2 4*nsu-r 
5. ^T, m9H<oi;5\z®l&Lft&m\t, *©ttR 

[0 0 18] cc«(MIW®mva, *©¥S£r£ 
[00 19] 

V=4/3 • Ttr 3 (1) 

¥ffl©Jfcfi£p fcTSt, f fflA>^2 4C11W 

[0 0 2 0] 

W=4/3 • 7tr a • p (2) 

H 5 fcft^Sf Brt>y||/J>X FR0RDI2 
3©BBDffi8(&S, JBJifc$n&*fflA , >7'©JS#§hi 

^y*fcj:D»«*nfc*Ban>y2 4©afi 
wtt, ^c©*T?fe*&a. 

[0 0 2 1] 

W=Shp (3) 

jfcfflT±E (2) St, (3) *fctt»U>*»6, MS 
•fcO^en^^xry hA*yi?bfc*ffl©^grtt> *© 

[0 0 2 2] 

r= (3Sh/47c) 1/J (4) 

14. I£©Sg£&S. 

H=2 r (5) 

06IC*3tl**EBA>7 r 2 4©iiIShtt, L 

5 I^y^t©S^t|RbT, ^-©1/3*L*>S»V>T 

[0023] CCtilt 06IC»tt-5¥BaA>y2 4 
H6©«ffi©#BB/t>^ , 2 4*Jgdfrs«-&fctt, 
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5 

[0 0 2 4] ¥fflA>:/2 4©«gB, >6&©A 

>7<D&&\Zit&VT&1MZl&^m (fcfyrt-Xgflrr 
8~15Hv) *EB®S*^lrttH«C®H®«T 
&£BS©inBElC«fc*lift8B*7y?f83i^©» 

coo2 5] x, *m**}mLftz.t\z£zmm\t, ® 

»mz U — H 2 1 <D&m\z®-3 T¥ffltfjKfl>? T L * 5 
R&T&Sj^ *«M©IIJSWCtt, »J-F2 1©«B 

ic*Basntt*«wf5^fcK2 sagMten-cv**© 

r, 9iy Krty*L-fc¥ffl2 4«99££fiaSLfc3;3; 
T&-5 (H9#TO . -JJ> 01 Ofc^-frJ^fcLS I 
^5/^2 6fflSfi|«Slctt. ¥BitSfiJttOiSS^S (S 
n) ©K2 9dtBmi^r*t). J.^-ewEHBAv'^- 
^3>3 0TB8LT8lKL&¥l5©Stt£a<D£8IH 

[0026] *mmn&zmm-rz>®<Dmmm\z 

OViTH 1 1 \Z&-3%miTZ>. 

[0027] cnr*. *mmn&zmmtz>&mmfcm 

Srff}ffiUfcTABffiSll«fc0^-r-5f^t>0lC. 'J-F 
2 l©£Wfc^j&r: (n i) /y^ffllU 
0±lCH5T^Ufc«t'5»C7* Fl^XFfcaffiU # 
V>T?7 * F >J 7 ^ Ig£ l&T^fflA^X* 2 4 

niCfc D, 'J — F 2 1 ©^HK«N i ^ y+® 3 1 Wgj 

*fcsn, ■e©±tc*Ban>7"2 4*t^Ba^-y+T«fdi$ 

[0 0 2 8] 7* M/-^ WiiSnstN i 

s 3 1 i>m&%mzm£VT< *©•?. n i ©&fc&3 

2 AW^n, C ©8tfc& 3 2 *^ffi<Djintt*^S[-r 

#HLS Iffl©7-c;PA+-vU7©iS-&(CB > U-F© 
«?$S&»<J6M£bT(A.5©T. ±83N i Xyf ICJ:«M 

[0 0 2 9] ^©ffi©HiS«S|tUT, X*Fl/i>XF2 

2<oKt>Q\z*mi>~'xh*miBVTmtiivtt>, -e-n 

[0 0 3 0] £©«£, 01 2{C^-r<fc5C'J-H2 1 
©«B5IC¥IS^XM i*t^$tx. ro#eha>x* 
2 4fcWEi:ffi®©fflSlX<J:0*fai^$n«.©T. & 
¥ffi Pi?X F 4 1 *t'J - F 2 1 (DWfrX-SbZmomtk* 
KUfcLT^S. 

[0 0 3 1] «±©#*JSWi. X^A*vU7©V 




(4) *JB8¥6-3 3 8 53 5 

-FiLS I*-/7*©«ffi£, A>:/«N,T«$"r* 
X'D-feX (-f>±-«J-H3j?>^>iftH5. ) KB 
fflLfct>©T**at, LS I7y'7lfitf>? s <t 
£TAB««^[3&£&iaf •5fci&©7'7;J'-'J-F© 
^ffl/'OT'KHL-T'b, WE'f U-FiR-jMfc 
TA , >X*£jgjST#.5. £©«•&. LSI 5 1 ;>7*©jP> 
5V >^t79^-U- H©@?SStR^©*fii:©2 
B» KsHffiSSttS©^ >±-'J - H©#BBA>7*© 
iSBM&fii:. 7£*-U-F©¥fflA>:/©jgfiifi£l:: 
io -j5r©*HA>:/fcfi (a 

g) *M*>jD^T«»ilSS^©*ffln>X*±0S5< 

s/*te©ffij££gfc*t>©fc?-5fc*»tT. te©x*n-fcx 
[0032] 

S I^i/7©m@R^7w;UA+-vU7©U-Hffl^v 

a uao-iE-ns^ UT&£-r * tabi;»i> 

tltt©Mffii:. ^fgA^->©JBteK±©fc*tcffl©K 
fc&Xtt¥ffll^X hKT?n>7*©*J.ffiS#aUT&5 
©T. A>7©£* fflSS^ffc) ©A*7y*£©lRLT 
&-&P#©##£8!iHHieTfcr). X, A>7*©KS£ft 
*©*nttt«!LT;M@l::te< U#&©t, teGomz 

is.<ts.^itr.h. mz. #B©?§Bra*£$tt3fc8&. 

30 ^nxh*tfi«T»s^©gi^©^s^rr-5. 
[@ffi©ffi**BiM] 

[01] W£<ort>7tt-?wmffiw 
[02] «E*©A*>y©teM*^-rKMifffi0 

[03] «E*©A*>7'JC«t«»'&*^'mW»fS0 

[04] ^oim-ny^mwmmm 

[05] *5SW©^*g«f9r¥EA*>7**}g«-r-53S8lC 

[06] ¥EBA>7*€«rffiLfc«ffi^-rittW^«0 
[07] KfcSg*^Lfc«JB^-rittW»r®0 
40 [08] LS I5 1 >y7'IC*58W©*BaA>7'£^bfc 
ttS8£^T8K9i&«i0 
[0 9 ] *BB A'> Lfc<fcffi£ jR-riJM>i#ttl0 

[010] ^Ba/Oy^LTmffit'J-H^^Lifc 

^0 

[012] 'J-F IC#BB P^X F tC«k-5jintt«S««|5S 
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(6) 



4#H¥6-3 3 8 5 3 5 



[gffiH] ¥f£3¥l 2R2B 

[*KErt«3 
[07] 
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